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Abstract:  In the present competitive world the manufacturing industries requires a good knowledge 
about proper utilization of resources. Each and every activity carried in the production process will be in 
the way of optimization only. There is a Statistical methodology for systematically investigating a system's 
input-output relationship to achieve one of several goals is identify important design variables 
(screening), Optimize product or process design, achieve robust performance. 
In many of the machining operations turning operation place an important role in manufacturing sector. 
This process is effected by so many factors like speed, feed and depth of cut ect, those are the input 
parameters in my project. My aim is to determining the optimal values of those inputs to improve the 
surface roughness and material removal rate. The experimentation part of my project is done on AISI  
202 Stainless steel on ACE machine tools industrial type CNC lathe machine by working with tool  
MTJNR 2525M-16 with 0.8 corner radius and the statistical analysis is done by using the options like 
DOE(Taghuchi),ANOVA(one way) and Regression in Mini Tab 15. 
Keywords: Turning, Cutting Parameters, Optimization, Surface roughness, Material Removal Rate, 
Taghuchi, ANOVA. 
I. INTRODUCTION 
Turning is the one of the main important material 
removal process among all cutting processes. All 
most all products produced by material removal 
process will be done by turning operation only. 
Because of its mostly usage, it is necessary to 
optimize all the parameters  like speed, feed and 
depth of cut to improve the surface quality and 
material removal rate. The main goal of all 
production  sectors are to satisfy the customers in all 
aspects in this competitive world by proper 
utilization of  resources .So optimization of 
resources is very important task. For that a no. of 
experiments will be done and knowledge is required 
to optimization of resources for a particular material 
removal process. Surface quality is the important 
requirement  for an product, so it is to be improve  
and in the increase in the Material removal rate 
saves the time to reach our targets. 
Optimization of inputs not only  improves the usage 
of machining environment, but also improve the 
quality of the product. In this sense experiments and 
statistical analysis is done to improve surface quality 
and material removal rate by using software tools 
DOE(Taguchi),ANOVA(one way),Regression 
analysis. 
II. LITERATURE REVIEW 
Turning is the one of  mostly used Metal removal 
process in the manufacturing sector,the output 
parameters like surface roughness & Material 
Removal Rate of the machining process has a lot of 
effect on the Finished product.So there is a scope to 
know the optimized input combinations.  
The literature survey is done,By this so many are 
conducted experiments on different materials with 
different processes to optimize the cutting 
parameters. 
Mr.R.Venkata Rao & V.D.Kalyankar(1) is adopted 
multi-pass turning process to produce the goods 
with conformance to requirements by optimizing the 
cost of the product and to improve the quality of the 
product with mimimum number of cuts.The 
Teaching-Learning based algorithm is adopted in his 
study. 
Mr. L B Abhang & M Hameedullah(2) is done 
theexperimentation part on EN-31 steel by usingthe 
carbide inserts and he tried to explain the 
procedureof Taghchi design in a systematic manner 
and to find the best optimized combinations of input 
parameters based on S/N Ratio, ANOVA.The input 
parameters considered like Feed rate,Depth of cut & 
varied  lubricant Temperature. 
Mr. Hrelija Marko,Klancnik Simon,Irgoloc Tomaz, 
Paulic Matej, Balic Joze,Brezocnik Miran(3) are 
tried to concentrated on adopting the advanced 
technologies to modernize the production firms to 
reduce the products cost & manufacturing times. 
They adopted the Particle Swarm Optimization 
Techniques to optimize the cutting parameters like 
cutting speed, Feed & cutting dept to get good 
surface finish & tool life. 
Shree moy kumar nayak, Jatin Kumar Patro, 
Shailesh Dewavyam, Sowmya Gangopadhyaya(4) 
done Turning operations on AISI 304 austentic 
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stainless steel with cemented carbide inserts to 
optimized the input parameters like speed, feed, 
depth of cut by using Grey Relation Gred. 
Manjunatha.R &Umesh c(5) aims to get the optimal 
turning parameters like Speed,Feed &Depth of cut 
to opmize the value of output parameters like Feed 
force,Tangential Force & surface roughness by 
machining E-19 steel with an coated carbide tool 
insert.Taguchi Technique is used in their study. 
R.Ramanujam,K.Venkatesan,Vimal Saxena,Philip 
Joseph’s(6) work presents on optimization of input 
parameters by using Dry Turning on Inconel 
718.This study is carried on by using Taguchi’s L9 
Orthogonal array. 
Harsha y Valera,Sanket Bhavsar(7) Represent they 
work to get good surface roughness & power 
consumption in turning operation of EN31 alloy 
stell by optimizing the input parameters like 
Speed,Feed& Depth of cut. 
Komson Jirapattarasilp & Choobunyen 
Kuptanawin(8) carries their work on stainless stell 
JIS:SUS 303 and tried to know the effect of turning 
parameters on Roundness & Hardness of 
Workpiece. 
III. TAGUCHI METHOD 
Taguchi  optimization will be done in three steps i.e 
design of the system, design of the parameters and 
design of the tolerances. In the first step prototype is 
design with minimum functions.In the second step 
the design will be takes place for optimization of 
resources or input like speed,feedand depth of cut to 
improve the output parameters like surface 
roughness and material removal rate.It is very 
important step to get good qualitative products by 
reducing cost. 
To achieve full efficiency from the material 
removing process like turning Taguchi method is 
used. By using this method we get a lot of statistical 
information by giving experimental values as inputs. 
These inputs are converted into signal-to-noise 
(S/N) ratio and in the terms of means. In S/N ratio I 
selected the-higher-the-better option is selected. It 
analysis each and every input parameter. A higher 
S/N ratio represents good quality parameters. After 
this step analysis of variance (ANOVA) is 
carriedout to known the input parameters that are 
statistically strong. With this two analyses we know 
the better optimal input sets. 
IV. DESIGN OF EXPERIMENTS 
The Experimental part is carried on AISI 202 
Stainless steel steel on ACE machine tools industrial 
type CNC lathe machine by working with tool  
MTJNR 2525M-16 with 0.8  CNC lathe. The  tool is 
fixed perpendicular to the work piece and 
experimentation is carried out at given inputs like 
speed,feed, depth of cut etc. For that first we need 
get those different input parameters to run the 
material removal process like turning. The proper 
values of inputs produces a qualitative product and 
also save the resources like money, material, 
manpower ,machines etc.So it is very important to 
select a proper input parameter values to optimize 
the output parameters like surface roughness and 
material removal rate. For this Taghuchi analysis 
method is used to improve the output parameters in 
the turning operation.  
4.1 Selection of the cutting parameters and their 
levels 
The machining is done on AISI 202Stainless steel 
material with the help of ACE machine tools 
industrial type CNC lathe machine by using  tool  
MTJNR 2525M-16 with 0.8.At first  fixing the 
speed limit between 1000-2000 rpm, Feed is in 
between 0.15 to 0.25mm/rev and the depth of cut is 
in between 0.2 to 0.8mm., shown in   Table 1. 
Table 1 Inputs and their levels 
Symbol 
Cutting 
parameter 
Level 
1 
Level 
2 
Level 
3 
S 
speed 
(rpm) 
1000 1500 2000 
F 
Feed  
(mm/rev) 
0.15 0.20 0.25 
D 
Depth of 
cut (mm) 
0.2 0.5 0.8 
V. DESIGN & ANALYSIS OF CUTTING 
PARAMETERS 
In design the full factorial is carried out, The output  
of  the  experiments are statistically analyzed by 
using the Mini Tab 15(S/N ratio 
&ANOVA).Depending on those analysis’s 
optimized values of cutting parameters  and output 
are obtained. 
5.1 Full factorial experiment 
Statistical methodology for systematically 
investigating a system's input-output relationship to 
achieve one of several goals  to identify important 
design variables (screening), optimize product or 
process design, achieve robust performance. To get 
optimized composition of the input parameters to 
determined the better level full factorial 
experimentation is needed which is used  
extensively in manufacturing industries Part of basic 
training programs such as Six-sigma. In statistics, a 
full factorial experiment is an experiment whose 
design consists of two or more factors, each with 
discrete possible values or "levels", and whose 
experimental units take on all possible combinations 
of these levels across all such factors. A full 
factorial design may also be called a ‘fully crossed 
design’. Such an experiment allows the investigator 
   M. Anuradha* et al. 
  (IJITR) INTERNATIONAL JOURNAL OF INNOVATIVE TECHNOLOGY AND RESEARCH 
Volume No.4, Issue No.1, December - January 2016, 2564 – 2568. 
2320 –5547  @ 2013-2016 http://www.ijitr.com All rights Reserved.   Page | 2566 
to study the effect of each factor on the response 
variable, as well as the effects of interactions 
between factors on the response variable. In my 
experiment I conducted full factorial design for 3 
factors. So the no. of experiments conducted is 27. 
Table 2 Experimental Values  
SNO. 
INPUT PARAMETERS 
SPEED 
RPM 
FEED 
mm/rev 
DEPTH 
OF CUT 
Mm 
1 1000 0.15 0.2 
2 1000 0.15 0.5 
3 1000 0.15 0.8 
4 1000 0.20 0.2 
5 1000 0.20 0.5 
6 1000 0.20 0.8 
7 1000 0.25 0.2 
8 1000 0.25 0.5 
9 1000 0.25 0.8 
10 1500 0.15 0.2 
11 1500 0.15 0.5 
12 1500 0.15 0.8 
13 1500 0.20 0.2 
14 1500 0.20 0.5 
15 1500 0.20 0.8 
16 1500 0.25 0.2 
17 1500 0.25 0.5 
18 1500 0.25 0.8 
19 2000 0.15 0.2 
20 2000 0.15 0.5 
21 2000 0.15 0.8 
22 2000 0.20 0.2 
23 2000 0.20 0.5 
24 2000 0.20 0.8 
25 2000 0.25 0.2 
26 2000 0.25 0.5 
27 2000 0.25 0.8 
5.2 Analysis of the S/N ratio 
Taguchi, introduced the term S/N Ratio. In this the 
letter S indicates ‘signal’ which denotes the 
desirable value (mean) and the letter N indicates  
‘noise’ denotes  the undesirable value (S.D.) for the 
output parameters. By this Taguchi tried to show the 
ratio between mean and undesirable value to check 
the quality parameters deviation from required 
value. The S/N ratio η is defined as 
η = 10 log (M.S.D.)               (1) 
Where  M.S.D.  stands for mean-square deviation of 
the output parameter.  
Here I selected the higher quality value i.e. higher- 
the-better. To obtain optimal cutting performance, 
the-higher-the-better quality characteristic for 
surface roughness and MRR must be taken. The 
M.S.D. for the-higher-the-better quality 
characteristic can be shown as: 



m
i iTm
DSM
1
2
11
...             (2) 
Where m is the number of tests and Ti is the value of 
surface roughness or MRR and the    i
th
  test.  
Table 3: Experimental results for surface 
roughness S/N ratio & Mean 
Spee
d 
Fee
d 
Dept
h of 
cut 
Surface 
roughnes
s 
S/N 
Ratio 
Mea
n 
1000 0.15 0.2 0.58 -4.73144 0.58 
1000 0.15 0.5 0.54 
-5.35212 
      
0.54 
1000 0.15 0.8 0.70 -3.09804 0.70 
1000 0.20 0.2 0.85 
-1.41162 
      
0.85 
1000 0.20 0.5 0.63 -4.01319 0.63 
1000 0.20 0.8 1.80 5.10545 1.80 
1000 0.25 0.2 0.92 -0.72424 0.92 
1000 0.25 0.5 1.20 1.58362
5 
1.20 
1000 0.25 0.8 0.93 -0.63034 0.93 
1500 0.15 0.2 0.31 -10.1728 0.31 
1500 0.15 0.5 0.12 -18.4164 0.12 
1500 0.15 0.8 0.16 -15.9176 0.16 
1500 0.20 0.2 0.6 -4.43697 0.6 
1500 0.20 0.5 0.43 -7.33063 0.43 
1500 0.20 0.8 0.31 -10.1728 0.31 
1500 0.25 0.2 1.01 0.08642
7 
      
1.01 
1500 0.25 0.5 0.16 
-15.9176 
      
0.16 
1500 0.25 0.8 0.21 -13.5556 0.21 
2000 0.15 0.2 0.42 -7.53501 0.42 
2000 0.15 0.5 0.53 -5.51448 0.53 
2000 0.15 0.8 0.82 -1.72372 0.82 
2000 0.20 0.2 0.92 -0.72424 0.92 
2000 0.20 0.5 0.56 -5.03624 0.56 
2000 0.20 0.8 0.61 -4.2934 0.61 
2000 0.25 0.2 0.81 -1.8303 0.81 
2000 0.25 0.5 1.3 2.27886
7 
1.3 
2000 0.25 0.8 0.25 -12.0412 0.25 
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Table 4: Response Table for Signal to Noise Ratios 
Larger is better for Surface Roughness 
Level S F D 
1 -1.475 -8.051 -3.498 
2 -10.643 -3.590 -6.413 
3 -4.047 -4.528 -6.259 
Table 3 represents the experimental values of 
Surface Roughness and related corresponding S/N 
ratio, Means values; By using orthogonal array the 
experimental design is happened, so there is a way 
to known the influence of input parameters like 
speed, feed, depth of cut at different levels of 
experiment values. The mean S/N ratio is 
summarized in the tables for both the output 
parameters i.e. surface roughness (Table 4). From 
the each table we know that higher value indicates 
S/N ratio, lower value indicates variance of surface 
roughness and material removal rate respectively. 
The following graphs shows the main plots for SN 
ratio and main plots for means.  
 
5.3 Analysis of variance 
The main objective of   analysis of variance 
(ANOVA)  is to know which combinations of the 
input parameters will be used to get good out 
parameters. This will be done by using the 
mathematical formula 



m
i
miTSS
1
)(                           (4) 
Where SST is total sum of squared deviation, ηm is 
the total mean S/N ratio, n is the number of 
experiments in the orthogonal array and ηi is the 
mean S/N ratio for the i
th
 experiment. The total sum 
of spared deviations SST is decomposed into two 
sources: the sum of squared deviations SSd due to 
each design parameter and the sum of squared error 
SSe. The percentage contribution by each of the 
design parameters in the total sum of squared 
deviations SST is a ratio of the sum of squared 
deviations SSd due to each design parameter to the 
total sum of squared deviations SST. Statistically, 
there is a tool called an F test named after Fisher [6] 
to see which design parameters have a significant 
effect on the quality characteristic. In performing 
the F test, the mean of squared deviations SSm due 
to each design parameter needs to be calculated. The 
mean of squared deviations SSm is equal to the sum 
of squared deviations SSd divided by the number of 
degrees of freedom associated with the design 
parameter. Then, the F value for each design 
parameter is simply the ratio of the mean of squared 
deviations SSm  to the mean of squared error. 
Usually, when F >4, indicates the change of the 
design parameter has a significant effect on the 
quality characteristic. 
Table 5: ANOVA RESULTS 
Cutting 
paramet
er 
Degre
es of 
freedo
m 
Sum 
of 
squar
es 
Mean 
squar
e 
Contri
bution 
(%) 
Cutting 
speed 
2 
1.320 0.659
6 
70.94 
Feed rate 2 
0.489
6 
0.244
8 
26.31 
Depth of 
cut 
2 
0.051
92 
0.025
96 
2.79 
Error 20 
0.000
12 
0.001
93 
0.000 
Total 26 
1.860
64 
0.932
29 
         
100 
 
 
Graph1: Shows The percentage   Contribution Of 
Process Parameters 
   M. Anuradha* et al. 
  (IJITR) INTERNATIONAL JOURNAL OF INNOVATIVE TECHNOLOGY AND RESEARCH 
Volume No.4, Issue No.1, December - January 2016, 2564 – 2568. 
2320 –5547  @ 2013-2016 http://www.ijitr.com All rights Reserved.   Page | 2568 
Table 5 shows the results of ANOVA obtained 
during the experimentation procedure. The above 
graph shows the percentage contribution of process 
parameters such as speed, feed, and depth of cut. It 
can be found that optimal cutting parameters for 
better surface finish is obtained at a cutting speed at 
level 3, feed at level 1, and depth of cut level 1 and 
the corresponding values are for optimum surface 
finish is occurred at a speed of 2000rpm, feed 
0.15mm/rev and depth of cut at 0.2mm. Cutting 
speed, feed rate, and depth of cut are the significant 
cutting parameters for affecting surface roughness. 
However, the contribution order of the cutting 
parameters for surface roughness is feed rate, then 
depth of cut, and then cutting speed.  
VI. CONCLUSIONS 
This paper has discussed an application of the 
taguchi method for optimizing the cutting 
parameters in turning operation on AISI 202 
stainless steel. The selection criterion for cutting 
parameters is based on outputs of turning namely 
surface roughness. The conclusions are summarized 
as follows. 
1. The taguchi method provides a systematic and 
efficient methodology for the design 
optimization of cutting parameters with far less 
effect than would be required for most 
optimization techniques. 
2. Optimum cutting parameters for better surface 
roughness is obtained at a cutting speed at 
level 3, feed at level 1 and depth of cut at level 
1. 
3. It is found that more surface finish (0.12 
µm) with a speed of 1500 rpm and lower       
surface finish (1.80 µm) with a speed of 1000 
rpm. 
4. The better surface roughness is obtained at 
high speed, low feed and low depth of cut 
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